Important contributions to knowledge on the life-span of the red blood cell were made by Rickard Christophers, Peyton Rous and Winifred Ashby, all of whom worked predominantly in other biomedical fields than haematology. 1979 is the centenary of the births of Rous and Ashby, who both lived to over 90, while Christophers died in 1978 aged 104.
pathology at Dresden, and eventually took up an appointment at the Rockefeller Institute under Simon Flexnor.
Then started his work on a fowl tumour, a spindle-cell sarcoma, and it was not long before he was able to show that it could be transmitted to other fowls (Rous 1910) .This epoch-making discovery was viewed at first with scepticism, if not total disbelief. (The firmly held dogma at the time was that cancers, or at least solid tumours, were not infectious.) At best, Rous's tumour was considered merely as a pathological curiosity, so much so that the Nobel Prize for Medicine, which he shared with Dr Charles Huggins, was not awarded to him until 58 years later, in 1968! Rous's work on tumours came to a halt in the early years of the First World War. He got involved in the practical problem of the preservation of blood, and he and J R Turner were able to show that adding dextrose to the anticoagulant solution helped to preserve the blood if it was to be kept in vitro (Rous & Turner 19I6) . They described how they had tried the effect of adding to the blood of several animal species, including man, various substances, including sugars. The blood was kept at I-3°C and sodium citrate was used as anticoagulant. While human blood to which sodium citrate and Locke's salt solution had been added started to haemolyse after one week's storage, this did not happen for 4 weeks if isotonic dextrose had been added.
The value ofdextrose
Rous and Turner remarked that ifhuman red cells were to be kept in vitro before transfusion it would be preferable to suspend them in a citrate and salt solution containing dextrose. It is interesting to record that they did not mention the possibility that dextrose might be a substance the metabolism of which was essential for the viability of the cells; instead, the sugar was considered perhaps to retard proteolytic digestion or to protect the cells from injury from the salt solution. Once again the significance of Rous's work appears not to have been generally appreciated, for Wiener & Shaeffer (1940) , in reporting on the use of stored blood for transfusion, emphasized the limitations of the method rather than its practical value. They had followed the survival of the transfused red cells by the Ashby method, but they used citrated blood to which no glucose had been added prior to storage!
Red cell destruction in vivo
Rous's research on the red cells was not confined to problems of storage. He became interested in the mechanisms which lead to the destruction of red cells in vivo. With 0 H Robertson, he concluded that effete red cells underwent fragmentation and that this could be an important mechanism of blood destruction in health. They suggested that it was the perpetual 'sieving and squeezing of the cells that go on in the finer capillaries' that led to the fragmentation (Rous & Robertson 1917) .
A major landmark in the history of this subject is Rous's (1923) review: it provides us with a valuable summary of contemporary knowledge and opinion and of observations extending back into the 19th century; and it is enlivened by Rous's own comments. Thus on increased haemolysis in disease he concluded that 'much of the blood destruction in disease states is consummated by processes that themselves are normal' -and in this he was at least partly right; and on the role of the spleen he wrote: 'by some hook or crook of function or morphology the spleen often serves as a midden for damaged erythrocytes'. In referring to the possibility that the red cells might be mechanically damaged in the circulation he wrote: 'nor will it seem strange to anyone who has watched in the living animal a red cell saddle-bagged at a capillary fork, and pulled well-nigh in two, with its bagging portions continually belaboured and dragged upon by its passing fellows'.
Amongst the questions which Rous attempted to answer was whether the red cells had a definite as opposed to an almost indefinite life-span and, if so, how long was their life-span. A variety of methods and calculations had been employed, ranging from observation of the time it took for the red cell count in a hypertransfused animal to be restored to normal to calculations based on bile excretion. The conclusions were inevitably erroneous, and Rous stated that the general view was that about one-fifteenth of the red cell mass was normally destroyed each day irrespective of the species of animal. The results of only one observer stood out in striking contrast to the general concensus -those of Winifred Ashby. Rous was aware of Ashby's work and how it conflicted with contemporary ideas. He took a detached view and his final comment was: 'the crying need, though, is not for reconciliation of figures but for more facts' .
Rous's research on the red cell was relatively short-lived and it was not long before he became immersed in a variety of problems of general pathology. He did not re-enter the field of cancer research until after the discovery in 1934 by a junior colleague, Richard Shope, that the virus-induced warts of the cottontail rabbit might become malignant. At that point Shope offered his material to Rous who was 'most delighted and grateful' (Andrews 1971) . Rous spent 60 years at the Rockefeller Institute and continued to work in the cancer field for long after his supposed retirement.
Winifred Ashby and her technique of differential agglutination Ashby was born in London, England, in 1879 but moved with her family to Chicago when she was 14 years of age. She obtained a BS degree in 1903 and an MS degree in 1905.After teaching physics and chemistry and working in medical laboratories she was awarded a Mayo Clinic Fellowship in 1917, and it was at the Mayo Foundation that she carried out her pioneer work on the life-span of red cells. She was awarded a PhD degree in 1921. In 1924she was appointed to St Elizabeth's Hospital in Washington DC, where she supervised the serology and bacteriology laboratories until she retired in 1949. She died in 1975 aged 95.
Ashby's observations on the life-span of human red cells contradicted what Was then generally believed -namely, that they lasted on the average about 15 days. Her data, on the contrary, suggested that they could live for up to 100 days.
Todd and White and their oxen
It has been implied that Ashby applied to man a principle established some years previously by Todd & White (1911) working in Cairo. However, judging from her first paper (Ashby 1919) she does not seem to have been aware of it at the start of her own work. Todd & White had found, while inoculating oxen with blood from oxen sutTering from rinderpest, that if the recipient's serum was repeatedly absorbed with the red cells which they had used for the immunization, a time would come when the serum would react with red cells of the immunizing ox but not with those of other oxen. They conceived the idea that they could use a serum absorbed in this way to trace the fate of blood cross-transfused between four pairs of bulls. Two to four litres of blood were exchanged. Then they withdrew samples of blood from the recipients at intervals after the exchange and submitted a suspension of the red cells (then a mixture of donor's and recipient's blood) to the action of a serum which would recognize one of the two cell populations. They added guinea-pig serum complement and counted the unlysed cells in a counting chamber.
The transfused cells disappeared within 4-7 days, after which the recipient's serum acquired the ability to lyse the cells with which the animal had been transfused. These remarkable results were considered by Todd & White to demonstrate the individuality of ox red cells, with the recipients regarding the transfused cells as foreign and forming antibodies against them. They were clearly correct in their conclusions; they had been carrying out experiments with red cells which must have differed with respect to blood group antigens, i.e., they had been transfusing incompatible blood. Their experiments did not provide any evidence of the life-span of the animals' own red cells.
Ashby at the Mayo Clinic
Ashby transfused compatible red cells to the recipients, e.g., group-IV (0) blood to group-II (A) recipients --she seems to have worked entirely with human subjects. She described in her first paper (Ashby 1919) how she had followed the fate of transfused group-IV blood to several group-It recipients, who were sutTering from various anaemias, and how, by making suspensions of post-transfusion blood in an anti-group-II (i.e., an anti-A) serum she had been able to count the free (unagglutinated) group-IV (0) cells. She concluded that transfused red cells may live for 30 days or more and that the beneficial results of transfusion were not due to stimulation of the marrow (a view held by some at the time) but to functioning of the transfused cells.
How is it that Ashby started her work? A likely explanation is that she had been grouping blood prior to transfusion and noticed that with potent grouping sera almost all the cells (if they reacted at all) would be agglutinated.
She records that transfusion of group-IV blood to Group-I, -II or -III recipients was 'fairly commonly done in the Mayo Clinic'. It seems possible that one day she grouped a patient who had already been transfused with group-IV (0) blood and that she noticed that many of the cells were unagglutinated -a 'mixed field' appearance-and that this suggested to her that ifshe did the grouping in a quantitative way, by adding a measured volume of blood to a measured volume of grouping serum, she could count the number of unagglutinated cells at intervals after such a transfusion and thus determine how long the transfused cells were surviving.
Red cell survival in health and in anaemia By In I she was able to report on more than 100 patients; in 8 of them followed until the transfused blood had been completely eliminated, this was found to vary from 28 to 30 days in a patient with cancer to 100 days in a healthy man. She also studied 33 patients who had pernicious anaemia but she did not find the intensive blood destruction she expected; thus, in four patients who were followed until elimination of the transfused cells was complete or almost complete, this did not take place until 83-100 days after the transfusion (Ashby 1921) .
One of the difficulties in Ashby's work, which she could not circumvent, was that she was not measuring the life-span of red cells in their own environment. This raised the question as to whether the foreign cells might survive longer than those of the host, a point that she was unable to resolve.
Ashby's data and conclusions are now known to be generally correct. But she was in advance of her time; her papers remained largely unread and her technique was little used until the late 1930s. It was not, however, entirely overlooked.
Wearn, Warren & Ames (1922) transfused 4 patients suffering from pernicious anaemia and 4 from a secondary anaemia with group-IV (0) blood, and found that the transfused red cells could be traced for between 59 and 113 days. Jervell (1924) gave details of the survival of transfused blood, using Ashby's method, in 9 anaemic patients -6 had pernicious anaemia. He found that the blood survived from 12 days or more to over 8 weeks. Dedichen (1931) conceived that it might be possible to obtain evidence by transfusion experiments as to which of the two current theories of the pathogenesis of tictere hemolytique' (hereditary spherocytosis) was correct, namely, hyperactivity of the organs of haemolysis (particularly the spleen), or production of cells of less than normal resistance. He transfused two patients with citrated group-O blood and found that all the transfused blood disappeared by the 4th and 7th post-transfusion days, respectively. He also considered transfusing a patient's blood into a normal recipient. He did not, however, pursue the idea because it was suggested to him that there might be an infectious element to haemolytic icterus as well as a congenital disposition. Dedichen's experiments, unfortunately, led him to the wrong conclusion, namely that they supported the theory ofa hyperactivity of the haemolytic organs. He, too, was in advance of his time and more than a decade was to pass before similar (but more successful and decisive) experiments were again undertaken (Dacie & Mollison 1943) .
Differential agglutination was also employed in the reverse (direct) way to demonstrate transfused red cells as small agglutinates scattered about in an unagglutinated suspension of the recipient's blood. Thus Landsteiner, Levine & Janes (1928) demonstrated group-M cells in this way in a group-N recipient for as long as 7 weeks after transfusion, and Wiener (1934) reported that he had detected M cells in the circulation of N recipients for between 80 and 120 days after a transfusion. Wiener also used Ashby's original method, employing anti-M (or anti-N) sera, and observed that between one-third and one-quarter of the transfused cells disappeared each month. He remarked that this continuous decrease was to be expected on the assumption that all the cells had approximately the same life-span. He concluded: 'Curiously enough, despite all this work, most textbooks still give the life of the erythrocyte as thirty days'.
The direct method, using anti-M or anti-N sera, was also used by Dekkers (1939) . His series of patients included a woman aged 18 years who was thought to have an acquired haemolytic anaemia. She was found to destroy the transfused cells 'rapidly'. Dekkers deduced that the patient's red cells were also being destroyed at a rapid rate and wrote: 'these data demonstrate that this method of investigation is suitable to examine this intriguing group of anaemias'.
The Ashby method and the viability of stored blood Later work has confirmed Dekkers's prediction. However, before being employed in the investigation of patients with haemolytic anaemias, the value of the Ashby method was brilliantly vindicated in relation to the viability of stored blood. In the United Kingdom following the outbreak of war with Germany in 1939, the question of how best to store blood for transfusion to military and civilian air raid casualties became a very urgent one. The only practical solution was to use the Ashby method to follow the survival of blood stored under different conditions. Under the stress of war the method was quickly mastered and the technique improved. Much was learnt about the optimum conditions for the storage of blood ; in particular, of the value of citrate as anticoagulant and of glucose as metabolic life preserver and' of the effect of pH. According to Dr Hugh Chaplin, Winifred Ashby spoke of Dr P L Mollison as 'the man who resurrected me'! The Ashby method and the classification of the haemolytic anaemias As had been predicted by Dekkers (1939) , the Ashby method contributed powerfully to the classification of the haemolytic anaemias. The survival curves obtained when normal blood was transfused to patients with hereditary spherocytosis (HS) showed that the transfused blood was surviving normally (Dacie & Mollison 1943) .The unmistakable conclusion was that the cause ofhaemolysis in HS lay not in a pathological spleen but in some intrinsic defect of the red cell. In contrast, when normal blood was transfused to patients with various types of acquired haemolytic anaemia, the transfused red cells were eliminated unusually quickly and the survival data formed a curve when plotted on arithmetical graph paper or a straight line on semi-logarithmic paper (Brown et al. 1944 , Mollison 1947 ). The Ashby technique was thus able to demonstrate not only that normal blood might be destroyed rapidly in cases of acquired haemolytic anaemia, by a mechanism which was extrinsic to the patient's own corpuscles, but also that this destruction took place apparently on a random basis. In this it differed from the age-related destruction yielding straight-line elimination curves which were characteristic of transfused blood surviving for the normal length of time. The Ashby technique thus provided a basis for classifying haemolytic anaemias into cases depending upon intracorpuscular abnormalities (intrinsic defects) and those in which destruction was brought about by abnormalities in the environment of the red cells (extrinsic defects).
The introduction by Gray & Sterling (1950) of radioactive chromium as a red cell label, with its great advantage that it could be used to label a patient's own red cells and to study their survival in his own circulation, as well as being suitable for labelling transfused normal blood, meant that Ashby's elegant but laborious technique, with its inherent limitations and technical difficulties, soon became obsolete. But it had had a life-span of more than 30 years, which is not at all a bad record for a technique. Clearly, Ashby, Rous and Christophers deserve permanent recognition as pioneers in the history of haematology.
